This paper attempts to define the dynamics of the surface storage in water circulation in brackish marshes located in the contact zone of the land and sea. This study estimated the quantity of water stored in the area of the Beka reserve during mapping between December 2011 and December 2013.
INTRODUCTION
Wetland areas are very complex entities, which are part of the geographic environment due to a variety of natural and anthropogenic factors as well as various processes affecting the circulation of water within them. The acquisition of hydrologic information on their resources and functioning makes it possible to generate forecasts about their future (Haines ) . This is shown in research by Li Wetland areas serve as a place where freshwater mixes with saltwater from the sea. It is this process of water exchange that yields the hydrologic regime of wetland areas (Selle et al. ) . According to Selle et al. () , the most important determinant in this case is the intrusion of saltwater, which is affected by the influx of local groundwater and atmospheric precipitation as well as the influx of relatively new groundwater from the land side. Euliss et al. () also note that the functioning of salty wetland areas is determined primarily by the influx of saltwater, which arrives from both surface and underground sources.
The long-term relationship between surface water and groundwater impacts the total quantity of water in a given wetland area. The water balance may become disrupted by dynamically changing climate cycles (Euliss et al. ) .
This applies both to current and historical patterns. The inflow of groundwater is also very important in the functioning of wetland areas, although often omitted in research studies.
According to Price et al. () , the peak influx of groundwater to wetland areas can be observed in May, June, and July, while the lowest influx is observed from September to February. In addition, wetland areas are intimately (hydrologically) connected with rivers flowing through them. This is especially true of bigger rivers that periodically or continuously flood wetland areas during high water stages. Most of these rivers follow a natural course, although some have been regulated by man (Robinson et al. ) . On the other hand, Collins et al. () argue that the vertical exchange of water plays a key role in the survival and functioning of wetland areas. This is especially true of atmospheric precipitationthe effect of which can be easily observed when comparing the wet season and dry seasonduring which, water levels decrease significantly.
Wetland areas are still evolving and continue to face threats such as extreme events in the form of storm waves and human impact. The former is caused by frequent changes in the sea level and dynamically changing meteorological conditions. This may produce changes in the topography of wetland areas and even their gradual disappearance (Ward et al. ) .
In the literature we can find a number of classifications of wetlands (Bolen et al. ; Dahl ) . Authors base it on the nature of water supply, wetland location or origin as well as the type of water feeding the area. Marches are divided into marches with tides and without tides, and the latter include wet meadows, prairie kettles, spring pools, and lake marches (Boorman ) .
According to Hofstede (), salt or brackish marshes located at the mouths of rivers are very important types of wetlands. These are areas located in the coastal zone, where a two-way exchange of water takes place through the existing stream currents. In these areas, as a result of sea activity, swampy and heavily salted ground occurs, which is favourable for halophilic plants. Brooks et al. () classify wetlands due to the dominance of one of the elements that occurs there, i.e., sources of water, dynamics of the flow and the dominance of hydrophytes. Whichever the classifications, we should remember that the most important function of wetlands is retention. It needs to be noted that the hydrological conditions prevailing there are closely related to the relief as well as the meteorological and hydrographic conditions (Brooks ) .
Wetlands observed throughout the world are diverse and variable, mainly due to the regional and local specifici- The main purpose of this work is to determine the dynamics of the surface retention in water circulation in salt marshes located in the contact zone of the land and sea.
Determination of the duration and frequency of water occurrence in the form of stagnant water reservoirs in the study area, provides the grounds to describe one of the phases of the water circulation, namely the surface retention.
Surface storage is the part of precipitation retained temporarily at the ground surface as interception or depression storage, so that it does not appear as infiltration or surface runoff either during the rainfall period or shortly thereafter.
It is also known as initial detention or surface retention (Golden et al. ).
Based on this definition and the work, it was assumed that the surface retention of wetlands includes water retention in small hollows in the ground, such as depressions in cultivated fields. These hollows must, however, be large enough to be measured during hydrographic mapping.
Water bound in surface formations and filling micro depressions was omitted (Hayashi et al. ) .
The term stagnant water reservoir is understood in this paper as an area located in natural or artificial hollows, permanently or periodically filled with water from precipitation, disappearing wetlands, marine supply, glacial meltwater activity, etc. In addition, in this paper, for the specification of the area of a stagnant water reservoir, only the free water surface that is devoid of vegetation, was taken into consideration (Döll et al. ) .
The next goal of the work is to determine the role of wetlands in the retention of surface waters and to identify conditions affecting it. An additional aim is to investigate the seasonal variations of the surface water retention and determination of residual waters and to determine its volume. The study area is located at the mouth of the Reda glacial valley in Puck Bay.
Terrain and soil
Distinctive land forms in this area are the contemporary Reda River estuary cone and the much smaller Zagórska Struga estuary cone, the former Reda river estuary cone levelled by shore processes, former and contemporary embankments and small dune forms, a part of the diluvial shelf at the foot of the slopes of the Puck Plateau. The coastline, with a length of about 3 km, is fairly well developed here and bends towards the mainland. It was formed by wave processes.
The shore in this area is composed of river alluvia and marshlimnic formations with a low resistance to abrasion.
The Beka reserve is an example of flat ground. It is separated from Puck Bay by the embankment with a width of up to 5 m and up to 0.5 m thick, over which sea water spills during storms.
In the study area, the major soil formation process until the mid-19th century was the process of swamping. The strongest influence on its direction and pace was exerted by flooding of the River Reda, the dynamics of water flow in the main hydrographic objects, brackish water intrusions from Puck Bay and vegetation development.
During the river floodings and high water levels in the bay, anaerobic conditions prevailed in the delta of the Reda and Zagórska Struga, leading to a build-up of low peat layers. However, in the last century, human activity has had a noticeable impact on the processes of soil formation. It consisted of drainage works and peat exploitation for heating purposes. Despite constant economic use, the bog processes were interrupted only in a layer reaching up to 20-30 cm. This is due to the persisting high groundwater level, favourable for the process of secondary swamping.
The current thickness of the peat deposit only locally exceeds 3 m, and it is poorly diversified. It consists of peat mass filled with remnants of peat moss, reeds and sedges.
Hydrological conditions
Surface water and groundwater in the area remain in a close hydrological relation. This is apparent through the drop in groundwater levels at the same time as the drop in the sur- The aquifer occurs about 0.5 m under the terrain level. The mean hydraulic conductivity is 6.59 m h À1 . The aquifer is supplied by water runoff from the edge area of the plateau or by precipitation, from the north, west and south-west.
In the area of the Beka reserve, two trends of groundwater direction of vector value arrangements can be observed. In one case, direction of a vector value is arranged from the wetland area in the direction of the Puck Bay coastline. Such systems are observed mainly in the warm season (summer) (Figure 4 ). On the other hand, the groundwater direction of a vector value is arranged from the shoreline into the brackish marshes. This trend is observed mainly in the autumn-winter season ( Figure 5 ).
Climatic conditions
The essential feature of the climate of the area is a large variation in weather conditions in the diurnal and annual cycles. years and for the multi-annual period of time (Table 1) .
For the Gdynia weather station, a wet year was 1970 with 700 mm of precipitation, which is 130% deviation from the average precipitation rate of the total annual precipitation; an example of a dry year is 1969, when there was 347 mm of precipitation, which is 65% of the normal year.
The area of the reserve has a small sum of precipitation during the yearit is less than 550 mm. This is due to its location in the rain shadow of the plateau of the Kashubian Lake District. The highest precipitation is recorded in the summer months, especially in June and July. The lowest precipitation occurs in the winter half-year, but it is higher in autumn than in spring.
An important weather element for the reserve is the wind which determines the rate of inflow of saline water into Beka. Over the year, south-west, west and north winds predominate (ca. 60%). Moderate winds prevail.
From November to January the highest average monthly wind speed is recorded (5-6 m s À1 ), and from April to July the weakest (3-4 m s À1 ). 
Vegetation
The Beka nature reserve is one of the few wetlands in the southern area of the Baltic Sea, which in terms of biotic and abiotic features, is unique not only in Poland but even in Europe. This is an area that is under the constant influence of two environments (the sea and land), which have a strong imprint on its natural environment and water 
METHODS
The examination procedure, apart from the source material survey, was based on field research. As part of the field research, research ground was selected for the mapping. The 
where P is area and h is depth.
During the mapping conducted in 2011-2013, a (GARMIN) GPS was used to accurately verify the location and area of the formed stagnant water reservoirs. The water depth in each reservoir was measured using a Year XI  XII  I  II  III  IV  V  VI  VII  VIII  IX  X   Gdynia  A  47  40  31  24  26  33  46  56  68  63  57  47  536   1969  D  51  4  15  5  5  85  27  3  23  71  16  43  347   1970  H  99  5  19  27  29  69  54  38  107  97  82  76  700   2013  99  32  61  32  19  38  100  54  69  71  121  54 The mean volume of water stored on the surface in the reservoirs ranged from 331 m 3 in May to 11,805 m 3 in October.
To better illustrate the size of the retention at different times of measurement, Figures 9-11 In 2013, the first mapping took place in the relatively late spring, April 24, due to the long-lasting ice cover.
During this time, the surface area of the marshes was 6 ha, which accounted for less than 5% of the research ground.
Hollows formed mainly between the two canals, which are connected by a network of microdepressions. Frequently, these microdepressions were excellent reservoirs of stagnant water. A similar hydrological situation was observed during the mapping in the late autumn, i.e., on October 24, basically just before the beginning of the autumn storm season. The surface area of the hollows was slightly larger -6.5 ha, which accounted for 4.5% of the area. The smallest surface area taken by the water was recorded during field trips in June and August; the water-covered areas accounted for only 1 ha and 0.09 ha, which accounted for, respectively, 0.8 and 0.1% of the surface area included in the research.
During the December fieldtrip, due to the beginning of the ice cover and a low stability of highly waterlogged land, the mapping process was limited to the reconnaissance assessment of the water-covered surface without a thorough delimitation of their borders by the GPS; their depth was also not measured. The surface of the observed watercovered area was more than 50 ha, i.e., occupied 40% of the studied ground.
Such an abrupt increase in surface retention was observed in the study area following the exit of a major storm dubbed Ksawery. The effects of the storm were noted in the study area between December 4, 2013 and December 10, 2013 and included 38 mm of precipitation or 64% of the precipitation total for December. In addition, a large increase in the sea level in Puck Bay was also noted.
The first day of the storm brought a 9 cm increase in the sea the best solution to this problem would be to use the wetareas mapping process using LiDAR-based point cloud data to address some of these needs.
The area of the discussed objects varies depending on the hydrometeorological situation in the given area. No relationships were found between the location of an object and its area, even in the case of flood water reservoirs that occur in the reserve all year round.
Wetlands, including marches, are extremely important hydrographic objects in geographical space. At the same time, they are extremely sensitive to changes in objects that occur in the environment. This is evidenced by studies on areas of the USA (Tiner ). The coterminous USA has lost more than 50% of its wetlands since colonial 
